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1. The amount of lean tissue in the body can be assessed by measuring total body nitrogen, total body potassium or fat-free mass. To compare these techniques we have measured total body nitrogen, total body potassium and fat-free mass in 91 healthy subjects (62 males, 29 females).
2. Total body nitrogen in the women and civilian men agreed closely with the few values reported previously and was closely related to total body potassium and fat-free mass.
3. The simplest estimate of total body nitrogen in a subject whose body content has not been measured is the mean value for healthy people of the same sex. The standard deviation of individual values about this mean is 253 g. The precision of the estimate can be improved considerably by predicting body nitrogen from fat-free mass (156 g) and somewhat more by predicting it from body potassium (1 15 g). The error of measuring total body nitrogen directly is approximately 76 g.
4. When an individual's total body potassium is measured in a search for potassium depletion, the observed value must be compared with the value expected if the subject were healthy. The standard deviation of the healthy values about the group means is 408 mmol. The precision of the estimate can be improved by predicting total body potassium from fat-free mass (SD 237 Introduction A reliable measure of the amount of cellular or lean tissue in the body is often required in studies of growth and development, nutritional status, the effects of physical exercise or of disease processes. A measure which is frequently used is the fat-free mass, calculated by subtracting body fat, estimated from skinfold thickness, from body weight [l] . An alternative is to measure total body potassium. More than 90% of the potassium is within cells, so that, if its concentration in cells is normal, total body potassium is also a measure of the cellular or lean tissue mass.
Total body potassium is also measured in patients in a search for potassium depletion, but a low value may result from tissue loss or wasting alone. Therefore, to detect potassium depletion, total body potassium must be related to some index of the amount of lean tissue. The ratio of total body potassium to body weight or fat-free mass has been used. An alternative is to calculate the linear regression of total body potassium on age, height, weight and skinfold thickness for healthy subjects of each sex and use this to calculate the predicted total body potassium in the individual. The observed and predicted values are then compared. Although these approaches are well established they have the disadvantage that disease may be associated with changes in the body content of fat or water, in which case body weight or fat-free mass will not provide valid estimates of the amount of lean tissue.
Total body nitrogen is largely determined by the amount of tissue protein in the body, and therefore it may be a better guide to the cellular mass than total body potassium or fat-free mass. Total body nitrogen might also be expected to play an important role as a reference for total body potassium in the detection of potassium depletion, as it should be an index of the amount of lean tissue which is unaffected by changes in body water and fat. However, the measurement of total body nitrogen is not widely available since it requires a complex technique of neutron activation and whole-body counting 12, 31 or the detection of y-ray emission during neutron irradiation [4-61. As a first step in assessing the magnitude of the advantages of total body nitrogen in practice we have measured total body nitrogen, total body potassium and fat-free mass in a group of healthy subjects.
Subjects and methods Subjects
The volunteer subjects were hospital staff, staff from the Local Authority Services and members of the West Yorkshire Metropolitan Police. Forty-four men aged between 22 and 68 years were staff from the hospital or local authority, and 18 were policemen aged between 44 and 54 years. Twenty-nine women aged between 21 and 62 years came from all three sources. The volunteer subjects agreed to take part after the procedure had been fully described and explained to them. The study was approved by the local Research Ethics Committee and by the Neutron Panel of the Medical Research Council.
Methods
Each subject's height and weight were measured and the observed weight was corrected to nude weight. Skinfold thicknesses were measured with Harpenden calipers over the biceps, triceps, subscapular and supra-iliac sites on the subject's left-hand side [71. Body fat was calculated from body weight and the sum of the four skinfold thicknesses with the formulae given by Durnin & Womersley [ 11. Fat-free mass was calculated by subtracting body fat from body weight.
Total body nitrogen was measured by neutron activation analysis in uiuo [2] . Each subject, wearing only a cotton gown, was irradiated bilaterally to a nominal dose-equivalent of 50 mrem (0.5 mSv) with 14 MeV neutrons and then counted for 30 min in a whole-body radiation counter. The resulting complex y-ray spectrum was analysed to give the activities of the radionuclides induced in the body by the neutrons, and the activity of the natural radioisotope of potassium, 40K. The activities of the induced radionuclides were corrected for decay and normalized to the standard neutron dose.
Total body nitrogen was estimated from the activity of 13N, produced by the reaction 14N-(n,2n)13N, but the observed activity had first to be corrected for a contribution of about 20% of the total, generated by the interaction of recoiling hydrogen nuclei with oxygen [160(p,u)13N]. The size of this contribution per unit mass of oxygen was determined by irradiating and measuring anthropomorphic phantoms filled with water t81. When correcting for oxygen in our subjects, it was assumed that 85% of the body's oxygen is in water, and body water was estimated from weight and height with the formulae given by Hume & Weyers 191. Total body nitrogen and potassium were estimated by comparing the corrected activity of 13N and the measured activity of 40K with the corresponding activities observed when a phantom weighing 70 kg, containing physiological quantities of the major body elements, was irradiated and measured. However, these initial estimates required further correction, since the activity of 13N produced, and the response of the counter to emitted prays depend on body size. The necessary correction factors were determined by irradiating and measuring anthropomorphic phantoms containing physiological amounts of the major body elements; they were found to lie in the range 0.7-1.1 for phantom weights between 40 and 80 kg [S] . If these corrections are applied to measurements made on similar phantoms irradiated to a dose-equivalent of 50 mrem, the measured amounts of nitrogen and potassium will be distributed about the true values with coefficients of variation of 3.6 and 2% respectively.
Human measurements may be less accurate. In the case of nitrogen the random errors of estimating the contribution of oxygen to the activity of 13N increase the standard error from 3.6 to 4.2%. Other errors will accrue if the assumption that 85% of body oxygen is in water is incorrect, or if the corrections for body weight, determined with phantoms, are inaccurate when applied to human measurements. These errors are difficult to assess, but a detailed study suggests that measured body oxygen is unlikely to be in error by more than about 6% [ 101.
The
Standard statistical calculations were performed with version 5 of the Statistical Package for the Social Sciences [141 on the ICL 1906A computer of the University of Leeds. In calculating multiple linear regressions variables were introduced in sequence and only those which significantly reduced the residual variance (P < 0.05) were retained [ 151. Regression equations for different groups of subjects were compared, and parallel regressions were adopted or groups of subjects combined, if the residual variance was not thereby increased significantly (P < 0.05).
Results
The 18 policemen in this study may be less representative of the general population than the 44 civilian men, because men admitted to the Force must be at least 1.75 m tall, and it therefore seemed prudent to regard them initially as a separate group. Table 1 shows the mean values and standard deviations of the measured and derived quantities for the three groups of subjects. To test whether these relatively small groups were representative of the general population, the individual values of body weight, fat-free mass and total body potassium were compared with the values expected in healthy subjects of the same sex, age and height. The expected values were calculated from equations derived from an earlier unpublished survey of 242 healthy people, made in our own laboratory. The equations are given in the Appendix. There were no significant differences between observed and expected values for the civilian men and the only difference in the women was that their potassium was 13 1 mmol less than expected. These two groups are therefore taken to be representative samples of the larger population measured previously. However, the policemen were on average 6.45 kg heavier than expected for height and age (P < 0.01), the extra weight being made up of 2.45 kg of fat and 4.0 kg of fat-free tissue. We have therefore retained the policemen as a separate group.
Total body nitrogen was significantly correlated (P < 0.05) with total body potassium and fat-free mass in all three groups. Table 2 gives regression equations for the prediction of total body nitrogen from body potassium, fat-free mass and combinations of age, height, weight and skinfold thickness. The standard deviations of the measured values around the regression were all of a similar order (range 115-217 g). These values should be compared with the pooled standard deviation of the measured total body nitrogen within the groups which was 253 g. Table 3 gives equations for predicting total body potassium from body nitrogen, fat-free mass and combinations of age, height, weight and TBN) is predicted from age (years, A), height (cm, H) Table 1) . The civilian subjects we have studied are representative of a larger group of healthy people whom we measured previously, suggesting that the equations we-give for the estimation of total body nitrogen (Table 2 ) can be applied to the healthy general population.
Total body nitrogen is the most direct available measure of total body protein, and hence of cellular or lean tissue mass. However, the technique is elaborate and not widely available.
Therefore it is important to examine how well body nitrogen can be estimated when it cannot be measured.
The simplest estimate of the nitrogen content of an individual is the mean value for the group to which he or she belongs. The uncertainty in this estimate is given by the pooled standard deviation of the values within the groups, which is 253 g. If fat-free mass has been measured, then body nitrogen can be estimated from it, and the standard error of the estimate will be much less (156 g). Alternatively, total body nitrogen can be estimated from total body potassium, with a standard error of 115 g. The smallest possible standard error, that of a single direct measurement, is 76 g (4.2% of the grand mean for our subjects). Thus the measurement of body potassium gives only a modest improvement in accuracy of estimation, compared with the much simpler measurement of fat-free mass.
An alternative role for total body nitrogen is to act as a reference for total body potassium when testing for potassium depletion. The simplest estimate of an individual's healthy potassium content is the mean value for the appropriate group; the standard error of this estimate (the standard deviation of the individual values within the groups) is 408 mmol. If healthy potassium is predicted from fat-free mass, the standard error of the estimate is 237 mmol; if it is estimated from total body nitrogen, the standard error is reduced to 186 mmol. Again, the more elaborate technique gives only a small improvement in accuracy of prediction.
It appears, therefore, that measurements of body weight and skinfold thickness, or of total body potassium, together with the equations given in Tables 2 and 3, can be used to estimate body nitrogen in healthy people with only moderate loss of accuracy. The same may be true in disease. For instance, in a group of surgical patients with various degrees of weight loss, not only was the relationship between total body nitrogen and fat-free mass similar to that found here, but the accuracy of estimation was also similar [17]. However, in other conditions, the indirect approach is unsatisfactory. For instance, patients receiving intravenous nutrition may retain water without increasing body protein [181, and in gross obesity skinfold thicknesses may be difficult or impossible to measure.
APPENDIX

Equations for estimating the values of weight, fat,
In these equations W is body weight (kg), A is fat-free mass and total body potassium to be age (years), H is height (cm), FAT is body fat expected in a healthy subject were derived from calculated from W and S by the method the results of an earlier survey of 134 men aged described by Durnin 
